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Cuxcronv computer-aided dispare stems for urban police do not 
utilizo the full potential ef m. conputer and associated peripheral 

2 ع‎ K próscessine Ob Cells for police service.  Inis rerort 
proposes ways in wnich CAD systems can be used more 6 6 enuly in ihe 


1 


۱ wutehins proces 


the capabilities of a typical operational computer-aided dis: 

are examined, and proviem arees in the dispatching process are identi 

tesults of & survey Of a Small group cf urban police departmen 
n 


" 


Se 
included which indicate s ۷٦ problems in the dispatchinz of vatrol 
3 


unius and opinions ot police administrators re garding facets = police 
ES rol oper ‘ations which can benefit from the more complete utilizetion 
ot conouter capabilities. 

Beveral "intellisent" computer-aidei dispatch algorithms are presented 
17۳1 68 improve the dispatching procoss oy Taking advantage of ihe con- 


putational, storsge, and rapid printing capabilities of. TT and 
oo equipment, A speciric CAD algorithm termed "adaptive cis- 
۱ 5 a Strategy for the stacking of low priority calls Tor service 
Which uses informabion concernins the length of the present perio- Ot 
service of each patrol unit, is exasined in detail through simulation 
techniques. This ا‎ iE om vo be an eifective means for 
» c i creasing The number of intersector dispatcnes vi 

cases in average waiting Times oT calls for police service, 


Pipe vzis factors ror ensuring tho success of computer-aided dispzich 
sysiens axe identified, along with tolicies for the implementetion of 
systems ot advanced م‎ and ezerationel impacts of such syztens 
on departmental procedures and personnel. Areas Tor further researcn in 
ررض‎ Technology ara outlined. 
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CHAPTER I 


IHTSODUCTION 


J i ۱ : 
O.W, Wilson” has stated that, "(P)olice have been assigned 


- 


a disproportionate amount of responsibility for both the present level 
۳۰۰۰۰٠٠ and the efforts to cope with it in the futuro." In evaluat- 
ing tne status of police departments with regard to their ability to 
provide the services demanded by the public, the Institute for 
Defense Analyses” identified the reduction of response times as 

being crucial to the expansion of services under conditions of fixed 
resources, Furthermore, it was concluded that "...the best allocation 
of (budgetary) resources would be in automating the communications 
center operations by such means 2s using computers to en some of 
۰ spacchıns Functions... and that"...some improvement in crine 
prevention and clearance could be expected from modifiying the criteria 


for assigning priority to dispatch orders for from providing better 


‘? 
, 


Br ormatıon to the dispatcher." 

The first use of a real-time computer system by a police department 
began in St. Louis in 1964. Since that time, computer applications for 
police have received considerable support from both local and federal 
sources. The once extremely rapid installation of computer systens 


in police departments has, however, slowed in recent years,  Colton's 


1974 E revealed that police administrators, once anxious Tor any 





technological innovations, are becoming more pragmatic in their aporoach 
to computer installations, and now harbor more interest in whether a 
particular computer application can beneficially influence police 
Operations in a cost-effective manner. Unfortunately the record of 
computer systems hardırare and software in police applications has not 
been good. Failures have quite often been a result of either the 
inability of a system to adequately meet the expectations or technical 


expertise of police administrators, or the lack of acceptance by 


= 


personnel of new procedures instituted with the technological "advance". 
several systems have fallen into disuse due to an absence of in-house 


technical support. Furthermore, vendors have been known to sell police 


` 
1 
' 


departments a "bill of goods” in the form of systems which are not 


۱ 
\ 
1 


f ` 
consistent with operational reed ۱ 


۱ 
` 
۱ 


Althousn Colton? found that resource allocation, crime statistical 
files, police patrol and inquiry, and computer-aided dispatch were the 
four application areas most valued by police administrators, there are 
less than twenty departments currently maintaining an operational 
computer-aided dispatch (CAD) system. There are EST. OE 
the particularly slow installation of dispatch systems. log nn th 
even a basic CAD system requires a considerable data base, including a 
real-time geographic base file of city streets and crime reporting 
districts. More importantly, computer-aided dispatch necessitates a 
major commitment to computer technology on behalf of a police depari- 
nent, Substantial herdware purchase, personnel training, and operational 
restructuring are part and parcel of CAD e and eons Licrs 


- 


with city data processing departments are inevi able. 


10 











lt is surprising that with only a few exceptions, those depazit- 
ments with operational computer-aided dispatch systems have softiare 
which provides for Jittle more than the cataloguing of incident data, 
While CAD systems have replaced the typical complaint card and conveyor 
belt system described by e a iull use of the information available 
to ihe system is by no means accomplished. 


rm 


ihls paper concerns the utilization of police-available data to 


develop an " 


intelligent" computer-aided dispatch system which goes 
beyond the mere cataloguing of incident information. Problem areas 
within the dispatching process ےت رھت‎ Dy Citeremu CAD 
Erstens are identified and possible solutions are offered which take 
advantage of the computational, storage, and rapid printing capabilities 
of computers and peripheral equipment, A practical engineering approach 
s C in order to present CAD routines which are consistent with 
police operations and administrative goals. A strong emphasis is 
placed on the organization of police forces in a command and control 
context, and on the distribution of timely management information to 
administrators and key personnel in the dispatching process. 

TET TI the capabilities of a: particular operational CAD 
system are described. This systen is used to define the structure of 
computer-aided dispatching and its present role in the dispatching 
process, and to indicate those facets of the command and control system 
EST cun me from the more efficient utilization of the computer. 


napter III includes the results of a questionnaire sent to a select 


group of urban police departments considered knowledgeable of current 


e 
- 


= 


trends in computer applications for police in order to provide a 


Ti 








broader perspective or the capabilities and design of operational CAD 


systems and to assess the opinions of police officials regarding tactical 


amd strategic issues of police patrol operations which might be influenced 


ہے 


by computer technolosy. A presentation of "intelligent" conputer-aided 
dispatching as a method for addressing those issues and of solving many 


ox the problem areas identified in the dispatching process begins in 


Erapter IV, tolioved by a detailed description of one particular dispatch 


algorithm which makes use of service time statistics in selecting the 


"pest" unit to assign to cach call for service. Analysis of this strategy, 
termed "adaptive dispatching", is conducted through the use of simulation 
techniques, Finally, policy implications of CAD and CAD-related tech- 


nology are addressed in Chapter VI. 


ales 





CAPR Ll 
Al OPERATIONAL 


COHPDUTRQ-ATDZO DISPATCH SYSTEM 


EN introduction 


nn 


Ine dispatching process is that function of the police 


response system! which includes the sequence of actions undertaken by 


Y‏ ا 


a police department from the receipt of a call for service until the 


`. 


assignment of that job eid の DO his process directly involves 


\ 
three police personnel roles: the complaint operator, who receives the 
incident information, the dispatcher, who assesses that data and deter- 


Pease witen patrol unit to assign to the call, and the patrolman, who 
can either be on foot or in a vehicle. While most urban police depart- 
ments continue to perform the tasks of the dispatching process manually, 
many cities are employing computer technology as a means for improving 
Era verency of eall handling procedures, It is the purpose oí the 
present chapter to describe a typical computer-aided dispatch system 

a ۱ ۰ ۳ in tne dispatching process, and further to indicate zreas 
within the police response system which might be improved by more fully 
utilizing the capabilities of the computer and its peripheral cquipment. 


the Huntington Beach Command end Control System described in this 


O incorporaces a UHR digital communications capability and a 


computer-aided dispatch system which has features thal are characteristic 





of the present "state-of-the-art" in police CAD design. All of the 
E bes described are either operational or funded and soon to 
be available, Although the theoretical CAD technology surpasses the 


level of this system, no currently ooerational computer-aided dispetch 


Sysvcem significantly exceeds the capabilities of the Huntington Beach 


2.2 23acksround Information 


Huntington Beach, California has a population of about 

1272000, mih two-thirds Of the city's growth occurring during the 
1966's. An estimated ten million people use the public beaches each 
year, Ina pexiod of ten years, Huntington Beach experiencea ‘the 
transition from small coastal town io budding urban center. 

lt is not surprising under these circumstances that the town's 
racilities were rapidly outmoded. Wnile additional manpower could be 
readily obtained, the change in police operations, facilities and 
capabilities necessitated by the population explosion was too signifi- 


cant to be developed through a gradual evolutionary process. Tn rarti- 


af 


cular, the police department's command and control system was entirely 


Laon 


inadequate to efficiently handle the increased workload, Radio fre- 
quency saturation caused considerable delays in response to calls for 
Service, coupled with confusion and loss of patrol officer safety from 
an inability to communicate effectively with the command center. 
Mounting workloads created long queues of calls, and telephone operators 


and dispatchers covld not efficiently process the abundance of complaint 


1A 








cards used in the manual dispatching process system, resulting in dis- 
organization both in the control center and the field. 

In order to overcome their problems, Huntington Beach developed 
MOE million collar program to improve police facilities and service 
to the public. One quarter of this amount was dedicated to the design 
and implementation of a computerized Command and Control Center. ‘The 
final plan encompassed a UHF digital communication system with robile 
transmitters and teleprinters, and a computer-aided dispatch system to 
process incoming calls for service end interface with county, steie, 
and federal criminal information files. Many of the benefits gained 
from the installed system were due to the digital communications equip- 


ment, While few present CAD systems have this capability, it is a 


01 


logical first step in the design of a total command and control package 
for urban police forces, as saturated radio networks are a common 
problem. Furthermore, as discussed later, the full information- 


` 


cthering and distributing capabilities of a computer-aided dispetc 


1 


n 
system cannot be employed without such rapid and efficient communica- 


E ons, 


2.3 Objectives of the System 


Tne ultimate objective of the new Command and Control System 
Was to reduce criminal activity through increased resource effectiveness, 
٠٠٠ہ‎ was to assess the feasibility of using advanced com- 
puter technology in the police departments of small and mediun size 


Petes, Nevins populations of from 100,000 to 250,000. 


At 





specific system objectives included improved operational effec- 
biveness through increased communication accuracy, speed, and relia- 
bility, reduced rosponse times, higher rates of criminal apprehension, 
and nore rapid and complete dissemination of information; improved 
011 6۵1 safety from the improved channels of communication and infor- 
mational flows concerning hezerdous situations; improved community 
relations through reduced response times to calls for service and 


increased budgetary efficiency; and a positive influence in the con- 


batting of the accelerating crime rate by decreasing response time 


y? 


and expanding the use of want/warrant files. 

The Huntington Beach Police Department identified many of une 
problems plaguing manual systems of the dispatcning process. These 
included the infeasibility of manual access of files containing data 
on reporting districts, geographical locations, and police patrol areas, 
delays experienced in recording incident information on complaint cards, 
and the failure to effectively transmit criminal data to patrolnen 


enroute to possible hazardous situations, 


2.4 System Components ,, 


0 
(D 
رم‎ 


The Huntington Beach computer-aided dispatch system is ba 


09 


on two mini-computers and associated peripheral equipment, includin 


بی 


To 


Í 


CRT displays, magnetic tape units, three hard-copy printers, anc 
corders for taping telephone and radio conversations, ‘The four-rosition 
console contains stations for two complaint operators and tio dispatchers, 


Figure 1 depicts the console layout, = 
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One mini-computer contains algorithms for processing calls for 


secvice, monitoring vehicle availacilities, cataloguing personnel 
assignments, and interfacing with teleprinters and law enforcement 
bles of outside agencies. The second mini is a back-up unit. 

Bach complaint operator has a CRT display to enter incident data; 
dispatchers have One Gil univ for handling complaint data, and another 
for maintaining patrol unit status information. One hard-copy printer 
keeps a running log of assigned complaint data which replaces the radio 
10g, anotner printer copies patrol vehicle status changes, «nd tne third 
records transmissions with outside law enforcement files, composit 


vehicle availabilities, unassigned complaints, assigned but unresolved 


complaints, and data from the personnel identification file. 


2.5 Processing a Complaint 


When the police complaint operator receives a call for ser- 
vice, he enters the incident address onto a fixed CRT display format via 
Keyboard, The computer automatically retrieves from a geozraphic base 


file the reporting district, patrol area, and a geograpnic reference 


sr + 


indicating the direction and distance of the call address from 


ne 


closest major street intersection. ihe complaint operator then inputs 
information about the caller and the incident type code and priority, 
He then passos tnis information to the dispatcher. 

ans dispatcher receives incoming complaint data on one Crt display. 


On the other display he maintains unit status information which is con- 


tinvally updated through mobile digital tran: smissions and dispacorer 


co 











manual input. Comparing the tuo displays, the dispatcher chooses a 


un Unit tO assign to the call and transmits the necessary dat 


Jl. 
روک‎ E CO 


tat vehicle either via teleprinter or voice radio. The patrol ١ 
then acknowledges xeceipt of the assignment via voice radio. 
When the assigned unit completes service on the call, the undated 


* ri 


Goupleint data is logged out of tne CAD system and printed in hari copy. 


3 


Eur 2 depicts a ilow graph of the CAD call handling process. 


m capabilities 


The computer-aided dispatch system contains algorithms to 
create the following displays and files: 


i) Unassigned incidents in queue by 00 class or 


patrol area of origin (a maximum of sixty-four calls) 


ii) Calls which are assigned, but not resolved 
111 Personnel duties, shifts, and days off 
iv) Want/Warrent data 


EIE 


v) Police hazard information such as gun registrations, 


SN NGO es and vehleular Iimpediments 
) irr 


m 


vi) Silent Alarm file conteining address data an 


Y 


lese number 1er Ticrofiche illes of floor 


escape routes, safe locations, etc, 


Besides the above files and displays, the computer-aided dispatch system 


upiardly compatible to allow the introduction of automatic venicle 


9 


location! and more personnel stations, 


19 












n m Í G 
OI 
re, BOR. 


Im PYYTA جم‎ (tr 
ues 2: uii 





CALL HALDETEG 













Eu 6210 8 TT 
۱۱۱۲ رنانارہ‎ EY 


ان 





DISPLAY 


















SELZCT AND 
N p E 
momo 





DISPLAY 


ELIT 


Cura rra 
y) PS 





























mr: 


ed 
puc po Dei) 









o NES‏ و 
Et „ul ur)‏ 











ACTIC: TAR: 









の 2。7 System laluation 


ihe Huntington Beach Command and Control System, Like all 
Sener presently implemented systems, does not utilize the full tech- 
mological capabilities available today. In particular, the storage and 
computational capavilities of the computer are employed only for cata- 
loguing incident data and maintaining a minimal number of files containins 


information useful to the personnel involved in the dispatching process. 


x. 


Y 
l 


Furthermore, the high-speed printing capability of the system is not 


تھا 
ーー‏ 


used to produce reports whicn are of substantial value to police admin- 


It is interesting to examine the true operational cost saving 


which are available with systems such as that described in inis chapter. 


° 


۱ 10 : ۱ 
The City of Huntington Beach reported that an estimated 929,000 are 
saved annually as a direct result of the CAD system and mobile dizital 
وى‎ © ° * En. ۰ ny t j! t I C t 
Capabilities. Table 1 summarizes the data collected, Note that the 
only significant savings resulted from the automatic printing of the 


دم 


he capabilities of the 


c 


radio log (625 man hours annually) and fron 


mobile digital transmission system (a total of 2135 man hours yearly). 


r 


melon the other listed savings are trivial, as the respective Functions 
Beets eeonlarly, but in small time increments. he overall effect of 


these time savings is to reduce the workload of the complaint operator, 
٠۰۰ and patrolman, but not enough to allow a reduction in man- 
Porier。 Furthermore, none of the stated benefits has a significent 


impact on tne response tines to calls for service. Hence, 


Br ia table l are not realized., particularly if'one were to consider 
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i 
FUNCTION TING CONSUMED (S3COND3) HAU-HOB23 SAVED” 
FAN UA COMPUTERT 0 
. i T] 
iUe couplaini data No change observed 0 
۲٣۰۰٠٠ ہ۶‎ complaint to | 
Aspa tcher O; 0.0 ORC 
Review and sort calls 6.0 20 jr 
Dispatch unit/receive m 
acknowledgment pu 38.0 ENS 
Record response time 18.0 0-0 229,2 
Miter tile number 0 0.0 ENT 
Type radio log 60.0 AO 625.5 
E s 5 J: 13 O 
Change status display v2 9.9 202.9 
Record status by time 7 OO BEL 
Report field status کت‎ Oo 129.6 
Complete unit dispatch log DS 70 120 
ly uer = ee 324 
Total man-hours saved 3243.5 
ms J A TT 
Havivalent dollar value sod mo 
Notes: 
۱۳ ہ٣ دہ‎ the 1973 level of calls for service, 
12, Ine new system requires voice communication with motorcycles end for 


Mori ty one calls. 


۱ inis function re 
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mieeesenconpass 11,024 of all calls 


motorcycles only (11% of total ET N 
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amorıizatTlon and upkeep of the CAD sysi 
eed to hire an in-house technical staf 
ی9۱۱‎ ٣۱۰۷ of the Huntington Beach Command end Contro 


EU sre hard to identify and evaluate.  Cortainly noraje is cni2nced 


NE reduced workloads and a nei working environzent, and officar 
K is improved through the availability of hazardous address and 
vant/varrant data and the 90% reduction in voice radio utilisation due 
۱ ۱9۵ 0 لصا‎ capadilitiss, “While such qualitative benefits are of 
Bourse important to consider E n inplementins any systems of advanced 


technology, tho effects normally are not readily apparent for some time 


after system installation, and monetery values can rarely be assigned. 


2.8 Summary 


The Huntineston Beach Commend and Control Sys 
presented as having a computer-aided dispatch capability characteristic 
of other currently implemented s. While the system's mobile 
feel communications ability produces considerable savings in zir-tine, 


ine potential of the dispatch systen as a whole is greatly vndüer- 


d 


utilized.  Han-hour reductions experienced are not realized as lower 


Operating costs, since time savings accrues in small increments, wi 
no resultant decrease in manpower. 
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Chapter IY discusses ways ch the CAD system can be used to 


gre) 
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mipeove the dispatch decision process, resulting in the more rational 
۰۰۰۰٠۰٣٦٠ of police resources, it is this letter capability or 


computer-aided dispatching that produces effects whith, thousn difficult 








I scneverueless consideraoly more si 


man-hour savings typical of vresent CAD systens. 
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White the Huntington Beach Command and Control System pro- 
vides an example of a typical computer-aided dispatch system, it would 
ES Tul Lo develop a broader perspective of the capabilities and 
design of operational CAD systems, Hore importantly, ++ ls necessary 
to determine the opinions of police administrators regarding Tacets 
Dolce patrol operations which can benefit from the more comple 


Meplization of computer capabilities. This information will provide 


“intelligent? computer-aided 


we 


& fremework from which To develop a 
dispatch system that is consistent with police operating procedures 
and administrative goals. 

In order to determine the above, a survey vas conducted of 2 small 
group of urban police departments er knowledgeable of current 
trends in computer applications for police. Nineteen of the trent) 
departments chosen responded, Of these, fi 
Som puver-aidced dispatching, or were sufficiently into 
design and financing that they were considered in the group which nad 
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operational CAND systems; two cities had only just be in 
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ees 


i x 


Um) ecu! 


CS 
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D 
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terms of CAD; one mas involved in the early stages o large, complex, 
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Tatesrated system; end the last had an automatic vehicle monitoring (AVE) 


25 





sen, but no other computer-aided dispatch capzollities. References 
poen thrs enapter to CAD system structure assume all fifteen o? the 


E rosup above have operational systems. ‘This assumption has the 


Su Ot inilatirs some of tne figures given later, but is is felt 
Ets procedure will give a better understanding of present CAD 


system design patterns. A copy of the questionnaire used can be found 
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Fifteen police departments of the sample group of nineteen 
utilize a dispatching decision structure which approximates what can 


be considered a "standard" dispatch algorithm. ‘the standard dispatch 


assignment is: 


i) Xf free, dispatch unit assigned to the patrol sector 


BOUL LOE inmecldene eddress 


¡ay 
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Er ٦ 


If busy, dispatch "closest" free unit 


E. 
:لم‎ 


Raise tons) quéve the Call, using 2 firs 


LE. 
=° 
Ke 


t 


come, first-served by priority strategy as uniis becone 


available 
EN cuunstion of the "closest" unit is crucial to the process, as 
imeorreer Choices result in increased response times to incidents, 
۱ = 5 12 h は た $ m tf بسک توا‎ z a 5 ie tf 
Larson ~ observed that most dispatchers use a "“strict~center-~-or-nass 
strategy, estimating both the unit and incident address locations to 


be at the statistical centers of their individual sectors. Sone 
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improve on this policy by using a "modifled-cente.c-of-nass 
Mate y, wherein the unit is assumed to be at its sector center, but 
۱۳۱ exact location of the incident requiring a patrol unit is considered, 
M esse, Selecting the "closest" unii is difficult, as can be 
ES Figure 4, 
vo of the Tour police departments not using a "standard" dispatch 
Ica teo that they stacked low priority calls for service at a ee 
time when the sector-assigned unit became available. Two also con- 
sidered, in some cough manner, tne length of time a call had been waiting 
for sexvice. for example, if a low priority call had been stacked in 
quoue a long time while awaiting its sector unit, another unit would 
be considered for dispatch into that sector. ‘These dispatch algorithms, 
E Sore, are quite different from the standard strategy. 

MS interesting to note tnat the standard dispatch algorithm 
described above does not encompass several considerations in wnic^ urban 
police departments, including those surveyed, are interested. A signi- 


ficant percentage of the fifteen departments using the standard dispatch 


algorithm also indicated an interest in the maintenance of neiguborhood 


0 


identity, whereby each patrol unii remains inside his own sector a 


much as possible. All nineteen respondents use some form of pre-enptive 


p 
E 


dispatching, which allows for the removal of a unit from the service of 
٦۰۰۰ ۰ priority call, in order to assign that unit to a hign priority 
Gall when no other free units are in a reasonable vicinity of the high 
priority call. The nature of police-citizen interaction indicates an 
obvious need for stringent regulations regarding the use of pre-emptive 


dispatching. However, only one department of the sample group maintains 
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a Wilvven directive on pre-emption: Seventeen departments authorize 


the dispatcher (or his immediate supervisor) to exercise discretion in 


pre-emptive dispatch situations; Five considered the patrolmen's 
Opinion as to whether or not his present client should have service 


dre-empted. Ihis author's observations of one of the departments 


ہے 


} 


sampled would indicate that, in actvelity, the patrolman and dispetcher 
CO-Operate in the decision process more than some police administretors 


tn 


might realize, and in a way beneficial to the client and the department, 


ine foundation of any manual or computer-aided dispatch systen 
the manner in which patrol resources are allocated throughout the 
police jurisdictional area, Of particular importance is the method in 
Waiech patrol sectors for radio-motor vehicles are designed, Current 
philosophies on optimal sector geometry concern the balancing of patrol 
۳۳ ۱6086ح‎ and the minimization of travel times to calis for ser- 
13 14 " 
Gelcon found that only 16% of 147 major urban police depart- 


EE 7 locate their resources usinz some near optimal decision process. 
5 P 


” 
یہہ 


Of the nincteen respondents to this survey, only one used sucn a resource 
allocation methodology. Four others used similar strategies, but updated 
sector design on a longer than ancla sis TAC tas author consíders 
unrealistic in terms of rapidly charging urban environments, Figure 5 
compares these results with Colton's. 

Acding to the lack of correspondence between present police patrol 


response time. and balance unit 
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sector designs and desircs to mininiz 
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workloads is tho fact that rarely are all patrol units in a city named 
at any one time, Temporary decreases in manpower are caused by vacations, 
TTS, court apvearance, vehicle mainvenance periods, and similar 


ENsustances. Fifteen police departments in this sample attempt to 
provide patrol coverage of the affected sectors during pericds of re- 
duced manpower by assigning a nelghnooring unit to patrol tvo areas, 
Clearly, this "double sector patrol” strategy causes unbalanced workloads 
end increased travel times.. 


en 


the four remaining departmen 


= 


used policies more in line with 


مہم 
U‏ 


concerns to minimize response times and maintain fairly balanced work- 
loads. One had its supervisors concentrate their patrol in the affected 
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sector. Unfortunately, supervisors have other duties, “and can not be 
۳۰۰۰۰۰۰۰۱ provide the same level of service to the area as the regular 
patrol unit does. Another city attempts to operate a fixed number of 
police patrol vehicles at all times by utilizing foot patrolmen when 
needed. Of course, this is the "best" operational E of coping with 
fluctuating manpower if one subscribes to the contention that patrol 
vehicles are better than foot beat patrols. ‘The last two departments 
EN ed sector boundaries so that each of ‘the patrol wits in the dis- 


trict had one larger beat. This last strategy for allocating a varying 
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level of patrol resources is examined in more detail in Chapter 


3.4 Automatic Vehicle Monitoring (AV IM) systems 


Automatic Vehicle Monitoring (AVM) Systems determine the 


position of each patrol unit, and relay that information to the Command 





and Control Center,  AVH systems used ior police are based uson r=dio 


propasation time, proximity detection, dead reckoning, or triengulation 


Ihe ability of an AVi! system to pinpoint the position of‏ ۹میں۳ 
each patrol unit provides the disprtcher with information ihat allows‏ 
Messe lecilon o the unit which is closest to an incident, even ough‏ 
it might be assigned to an adjacent patrol arca. Reduced response tines‏ 
to cells Tor service can therefore be realized, tner advantages of‏ 


these systems, not necessarily less important, are the ability to enhance 


に っ 


officer safety and the capability for surveillance of the movements o 


patrol units by poiice administrators, 
Th っ 
ihile an insignificant number oF police departnents have an opera- 
tional automatic vehicle monitoxing system, it is interesting to note 


how administrators view the capabilities of this new police technology. 
thirteen departments offerred opinions on the important features of AV, 
Only one respondent felt that increesed officer safety was tne most 
Valuable capability of a system which could accurately determine the 
location of patrol vehicles, Eleven departments pointed to the tactical 
E ۱ reduced response time to calls for service through tne asility 
boESecurately determine the closest unit, One department felt that the 


= 
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Cose Of an AVM system out-weigned all of its benefits. 


3.5 Computer-aided Dispaten Capabilities 


Of the fifteen police department respondents which either had 


an operational computer-aided dispatch system, or one in the final stages 


A 


ES six took advantage of the computer's ability to easily sort 
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data by partitioning incoming calls into more than three priorities. 
AS will be discussed in Chapter Y, significant advantages con be gained 


Meee Use Of several priorities for cataloguing calls for service, 


٠۰۰۰ ۱ت۱‎ systems allowed the dispatch of units O° 


Nro vehicles, such as foot patrolman and Traffic Division units, 
mone änclvde patrol unii data in the geographic base file for other than 


۳۰۰۰۰ ۰ sector venicles, In otner words, a call for service can be 
S iron tne system throuzo dispatch to any unit, but only regular 
Patrol vehicles are recommended for dispatch by any systen. Furthermore, 
several of the CAD systems now operational do not assess the utility of 


Lt 


E ehrns other than the unit assigned to the sector of call origin, 
Dut simply maintain e listing of the status of all patrol vehicles, 
۳۰۰۰۰۰۱٦٢6 decision process entirely to the disp ner. 

oix CAD systems maintain a catalog of patrol unit special capabil- 
ities such as advanced medical training, medical equipment and weapons 
carried, or bilingual speech and sex of police officers. No manual 
Systems had a similar capability, Furthermore, no system utilized this 
information within the computer's dispatch algorithm. 

nine of the fifteen computey-aided dispatch systens had 
the capability to produce some fora of timely statistical reports for 
nanagement information. A few designs allowed for the collection and 
Bvoreze of police system statistics on magnetic tape. This policy will 
allow the easy transition to more sophisticated system designs in the 


future. A few respondents implied that operational and jurisdictional 


problems existed between the city's Police and Data Processing Depart- 


ments,  ihis is considered in Chapter VI, 





ES Sumar 


Mims voice be clear trom tne results of this survey tha 
٠۰۰۰ CGE continue to experience difficulties in utilizin:s cost 
effective, advanced technolozy within their departments. A concern fo 
Tic installation of CAD systems herdware prevails over the desizn of 
software which makes the systen expense more worthwhile, and the co- 
ima cion of ditferent systems is sometimes lacking. 

Me stronzest inconsistency in police operations discovered is 
the failure of comaand and control operations, whether manual or com- 
puterized, to provide for the agreement of dispatch decision naking 

L ۰ 


between dispatchers and departmental policies. This discrepancy is 
yo J 


p evigdent in the inability of the standard dispatch algori tha to 


و 


or pre-emptive dispatching and the desire o police anin- 
٠۰۰۰۰۰۰٣٣ to develop and maintain some sort of ےت‎ identity 
Eu wx arueular patrol units. 

The allocation of patrol resources deserves increased attention 


Iu see administrators. Policies need to be developed for tne deploy- 


nent of patrol units under conditions of both full and partial manpower 
that are consistent rith departnental goals concerning mininizirs 


response times, the balancing of vorkloads, maintaining neighborhood 
۳٣۰٠٠٦٦٠٢٢ and similar issues, 


The integration of advanced technolozy such as automatic vehicle 


monitoring systems in command and control environments needs io oe 


studied closely to ensure consistency between departmental operating 


teles and system designs. This survey, for ins 
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ance, indicetes that 
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po v9esusrderatrons are nost inportant in evaluating tne cost 


mr» < 3 Lee INTA 3 d 
effectiveness or AVI systems, 
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The survey also reinforced several of the conclusions dram from 
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rt 


Iii tias von beach Command and Control System. Most significant are 
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the failure of computer-aided disvatcn systems to incorporate depart- 
mental policies into a decision process for the assignment of patrol 
units to calls for service, and the minimal use of valuable police- 


000 آل‎ I data sucn as pavrol unit capabilities.and statistics useful 


e 


to police manegers.  Tne infornation gained fron this survey will provide 
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CHAS VI 


POLICIES ZuD EMPLICATUIGHS 


۳۳ introduction 


the previous chapters have largely ignored the topics of CAD 
Systea imolementation and maintenance, cost considerations, and the 
social impact ov tne advanced technology within police departments. 
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Üünese issues are important to all conputer-aided dispatch systems, not 
Just “intelligent” CAD designs. Hence, this chapter addresses the above 
subjects from the framework of general CAD systems. "ic chapter concludes 
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۲۲ brief forecast of the future of computer-aided dispatch technology. 
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E uring Success of a CAD Systen 


inere are four factors which are crucial to the success of any 


computex-aided dispatch systen.  inese are: uL cu a reinas 
£^ - 
(3) personnel staffi 2 8 (4.) in-house technical support. Computer- 


21000 dispatching is an uostructurec’* comouter application. It often 
requires a new set of procedures within 
meewclevyeland CAD system and the success of the systems in Oahleri, San 
Diezo, Las Vegas, and elsewhere have indicated that a complete break 
fer the "old way" of doing police business, specifically including a 


Manso of facilities, must be accorntlished to ens ure’ system 86621۰ 
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Ixeining in neu procedures is, vithout saying, an obvious part of 


EDS oft technological advanc lui is an area oft design, however, 
Maich is aliays assumed necessary, yet raroly properly exocuted, With 


Enomportant consideration. Command and Control Center duty has tra- 
Gitioneliy been considered a recognition of the inability of a man to 
Selve in tne field. It is thus perhaps the least desirous of all volice 
assignments, Few volunteers are ever found in Control; alcoholics, 
those unfit ohysicelly or mentally for arduous field work, and the in- 

Ars 
competent ere not rare.” ‘The implications of CAD technology on manpower 
improvements within the police Command and Control Center are significant, 
The , nnel training necessitated by the new technology and the prestige 
of operating the system could very vell lead to a. change in tne attitudes 
of policemen toward working as conplsint operators and dispatoners,. Host 
departments have in fact avidly recruited better ات تا‎ to operate 
their new CAD system. ‘While no data exist “to support the contention that 
the aliocation of police service will become less discriminatory when a 
better" grade of patrolman is trai red for conplaint operator duties, 
ypothesis does at least aposar reasonable, 

Minally, and perhaps most importantly, it is vital that each police 
department maintain an in-house technical capability to develop new CAD 
software, to provide refresher training, to analyze systen statistical 
outputs, and to interface where necessary with city Data Processing 
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Present computer-aided dispeten system designs demonstrate an 
E On to costly hardware which is greatly unbalanced in comparison 
o software developments. For instance, many CAD terminals contain 
expensive specialized function keynoards, yet the complete systen can 
only catalog data. While upward compatibility of system equipaent must 


Me considered in order to meet future demands, more care shoulda be exer- 


cised in the development of systomn design criteria. ‘The questionable 
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budectary benefits of the Huntington Beach CAD System discussed in Chapter 
ti immediately come to mind in this rezard. Total command and control 
system design most be considered when evaluating the cost-effoctiveness 
Beemer technology. As mentioned in Chapter II, for instance, the »orchaso 
ES TE digital communications eqli pment is a logical first stes in 
Overall system design, as many commazd and control problems center on 
۰۰۰۰۰۰۰٠۰ police radio frequencies. 
Da codcexampke ot ill-spent fineaces is in the current vogue o? 

utonetic vehicle monitoring (AVI) SYS 
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operatins costs, exclusive o the expense of necessary computer and 
peripheral equipment. Inese E ere ypernaps justified if the purposes 
for installing the car locator system were the enhancement of officer 
satety and the administrative surveillance of patrol units. Results of 
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Eb bs unreelistie to essune that the formalization of these 
procedures Will decrease the inforz21 partitioning of calls and essess- 
Meno: call velidity on behalf of complaint operators, as descri3zed 
below. 
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Practice ımen instituting computsr-zided dispatching. Date collected 


MA 


GNE x EC ET ا‎ . ,. a ER EN UU TERIS E m 
an New fork City indicate that police departments experience a large 


= Se 
50 
n Gemand when 911 service commences? Although many oZ 


に た 


increase 
calls are of an administrative nature which can be routed to other 
bureaus, an appreciable number of callers think they require police 

"go 


Ere. Jt becores necessary in such situations to establish formal 


E mile procedures so that the apsarent increase in activity can be 


= 
B) 


۱۳۳۱۱۱۵۵0 to a level more in line with patrol vehicle res sources 


51 


benefits to the complaint operators in terms of ہکےہ‎ reduction 
are great under a formal screening policy, Tne defense of operator action 
meee Of behalt of administrators eppears to far outwolgn ihe prodlems 
encountered wnen sexvice is refused to clients, 
Computer-aided dispatch systems categorize calls for service into 

a, minimum of three priority classes. These are: (1) emergencies, such 
es crimes in progress, (2) routine vrolice matters, and (3) ad inistrative 
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۰۰ Service. Ethnicity, particularly in resard to Puerto Ricans 
and Mexican-ámericans, has similar influences. Racial and ethnic identity 
is established in many ways over the phone, but most easily through 

accents and call locations. It is not unlikely that if a caller's accent 


or langueze is not easily "readable", that person will not receive 


Ecce bear of reprisal for the overator's actions is almost non- 
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NE on standards having roots in racial prejudice. Such calls are 
Ben nor considered "valid", and service is typically rendered reluc- 


tantly. ‘The issue of validity encompasses exaggerated reports, false 
Meeorts, and generally "unbelieved" reports. The latter category per- 
۱۳۲ L calls mich are not given validity due to misconceptions such 
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bility of a false fire alarm in Few York City now exceeds that of the 
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Please amplify on the reverse side whenever possible. 


1, How often does your department update sector (beat) patrol boundaries? 
Less than six months. 
_ Annually. 


Less often than annually. 





[eon are sector boundaries determined? 
By educated guess from trends. 


By hazard formulas (the method presented by 0.1. 
in Police Administration). 


Other, specify. 
3. Is your department considering the installation of an automatic 
vehicle monitoring (AVI) system? 
NO 。 Yes. If yes, what type? Dead Reckoning, 


Proximity detector 
ee signpost). 


Radio frequency 
trilateration, 


Other, 


What do you consider to be the nost important feature of an AVil system? 


icu 
いつ 
QN 








What criteria do your dispatchers use for assigning units to calls 
for service? (e.g. Car ass Me COL Ol Ca immo LCI. SC, 


= m 


e 
Brest free unit; if all units are busy, first free unit.) 


factors do you take into consideration Then dispatching a unit 
e its own sector (intersector dispatching) 


e 


In your communications center, how many priority classifications are 
por handling incoming calls? 


All calls are treated mith egual priority. 
Two or three (c.g. Zmergency and Routine). 
More than three, 
When a high priority call arrives, often the closest patrol unit can 


be busy on à louer priority call. Does your dispatching مت‎ 
provide for preemption (the i interruption of the closest unit from the 


كر ° 


OST も V Ca11 / in such cases? 
Yes, If yes, how is preemption used? Check as many as apply: 


y written directive (describe on reverse side). 


cd 


At the patrolman's discretion. 
ht tne dispabtcher's ciscre con. 
Tinea. opecity. 


No. If no, would such a procedure be useful in your city? How 
do you think the public vould react? 


7 








9. Does your department have established procedures for the repositioning 
of patrol units during emerzency/disaster conditions? 


Ue 


No. Neo. lf yos, please describe. 


10. hen temporary manpower shortages (sickness, vacations, court 
appearances) result in unmanned patrol vehicles, how do you cover 
tne affected sectors? 


Have supervisor (sargeant/lieutenant) concentrate patrol in 
the unmanned sector (beat) whenever he is available. 


Assign more than one beat to a patrol unit. 


meer ector boundaries so that each patrolling unit has 
one larger beat. 


ther. opecify. 


ti, Do your dispatchers have available a list of each patrol unit's 
"special" capabilities, such as the officer being bilingual or 
having advanced training in emergency medical care, or of the equip- 
ment available in each patrol cer? 


Wes: No. 


If you did have such a list, what information about the patrol units 
would you include on it? 


Emergency medical training of officer. 
, 

۳۰۰۱۳۱۱ speech of officer, 

Mace oi officer. 

Special weapons in vehicle, 


ledical equipment in vehicle. 


Other. opecify. 





Mer 








12, Is timely infornation available to supervisors (other than the 
dispatcher) on the status of the Da ۵ orcos. 


No. Yes, If yes, is it computerized? NO. Yes, 
it yes, what data is available on a daily or veekly basis? 


Nanning levels. 


Horkjoads of vatrol units, 
Vorkloads of sectors, 


Analysis of calls serviced/unserviced. 


Other. npecify. 


13. Does your department have a computer-aided dispatching (CAD) system? 


Yes. No. If no, and you are planning to install one, 
when will it be in operation? 


In one year. 
Less tnan three years, 


liore than three years. 


The following questions pertain directly to computer-aided dispatching 
(CAD) systems.  Ansuer only if your department has one in operation or 
Euxerently designing one. 


سو سس er ee eee ee ee s...‏ ست سس ست سس ست سے سو Y ee Om Oe ee‏ ہہ سو ےت Gua O Ga e Gua Gta Gua Da ーー ニー ニー ニー ニー ーー ーー‏ ست سے ہے us a y A As‏ جت سے کے سم کد کے کے کے کے سے سو 


۰ What company designed the system? 





سے 


That company built/instelled it? 


pu 
DO 
NO 


what address verification capabilities does the system have? 


None, 


Manually 


Computer 


Computer : 


puo. 


by telepnone operator. 


‘corrects some misspellings. 





m Lypes of units can the system assign to calls for service? 


Po crol Cars. 


Foot patrolmen» 


tae ical Force Mares, 


sarao DiVES Lon Uni tS, 


Other. 


GDOCL y. 





is a capability for the long-term, strategic allocation of resources 


2 a5le within the 


Mos 


How many units are suggested Dy 


call? 
One. 


iver 


CAD system? (e.g. sector design, manning levels). 


No. 


zi ۰ 


une computer for assignment to each 


# 


Three, 


lore than three. Specify. 


Is the dispatcher constrained to use the computer's choice for unit 


assignments? 


oc. 


rT 
AQ ۰ 





ーー 





(+ How does the CAD system update the list of busy and free units? 
pur by dispäatcher, 


Digital devices in cars. 





7 Other. Speer, 

List the personnel requirements of your CAD system only: 
Maximum Normal Sni*t 

Number of telepnone operators 
Tiumber of dispatchers 
Number of supervisors 
Other. opecify. 
what statistics does the CAD system collect? 


None. (If none, go on to question 11). 
Workloads of the patrol units. 
Sector (beat) workloads. 


Intersector dispatching. 


NO CD 
+ 


| 
| Crime patterns by location. 


Crime patterns by time of day. 


| 
| 
Ucher, Specify. 


10. How are the statistics listed above used? 
| Stored on discs or tapes for future reference, 
| Used to update computer dispatching routines. 


Output to a management information system (generated 
in the form of reports to administrators). 


Other. opecity. 


| p 








SC 
districts and a routine for estimating the best unit for assignment 
to each call for service. here are numerous additional capabilities 
of CAD systems, however, which make the dispatching process nore 
"intelligent". Several of these capabilities have already been noted 
(e.g. automatic vehicle location, address verification, reposition- 
ing of patrol units in emergencies, etc.). Indicate all such 
"intelligent" capabilities of your system which have not already 
been covered. (e.g. Perhaps your system maintains a hazardous 
address file, or considers the total time in service of busy patrol 
units prior to making dispatching assignments): 


Il, A basic CAD system contains a geographic base file of reporting 


12. What shortcomings of any nature does your system have which you 
would like cnanged? What capabilities would you like to have added? 


Thank you for completing this questionnaire. If printed material Ges- 
eribing your system in detail is available, it would be greatly appre- 
Ciated, end will be promptly returned if required, We will be happy to 
send you a copy of the report summarizing the findings of this survoy. 
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I? travel time, T (j,k), between tro locations j and k is desired, then 


۱۱ ۱ ات ال‎ Loc reading iis value fron the reduced matrix is: 


i) If (3 + k)< 37, let m = max(j,k) and 
ncs Css mem TOES mm. 


ji) BP Cj ST let p = ma,x( ( 37 ー ار‎ and 
q = min ((37 - J),037-k)). Then: (j,k) = 1(»,9). 
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ENNIO: MODELS FOR STIMMT UNIT LOCATION 


ウー 
3 


inis appendix conüsins an outlia» of three models hich misht > 

BE 08:9 peavrol unit location durinz cervsin periods of prc- 

Ive patrol. The discussion is intended to indicate possibilities 
Por further research. 


MS cue tion of concern is the follomin: 


"m s : 


' 


acrol unit ¿L has been d1scatched to an incident in its oim 


٢ 


Secu0r, located at position (xy اپ تقذ لا ور‎ ۹۶ 
ported completion of service at tine to’ ihe position oi unit 


i is desired at time Ua a snort period alter time on 


Eu uD»hceiity, ib is assumed that location (x, yo) 2700 to an 
Intersection, and the streets are arranged in a north-south and east- 
E pattern. Velocities in either direction are the sane. 


4’ 


E کرت‎ - kauidistant 1 


Perhaps the simplest location model is one shich estimates unit i 
to be in an area bounded at a distance from position Rs n “nica 
depends on the time spen (+. O ema ey este ted masia velocity, 
V 3 ar D 3 A. ات‎ a at + * Y^ 7 1 an“ 3 Y) ehe E v UL OA Mc 
EMEN :5ce che area of interest is small, and no other intormnation 
TS tae provability density function Tor v 


OR GCA 66 07 


۱ to be uniform within the boundaries. Hence: 


= 
^ 1 rex llo y (1-5 )Y 
الہ‎ y = f AR o 


o O 
© 0 6-6 
2 - . 
here A = 2(t_ -t کر(‎ , the total area inside the model bovncaries. 
HC ۱ 
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Teure 22 Gepicvs the time-equidistant model. While this nodel 


Ne nice 56000060 or simplicity, it mignt not yield sufficient 
Meer ecy in practice Ss Enoc Oi, the estimated. mexlizum 
02 e 


1 


me is Critical, An estimated nean or median velocity might 
Oe aesiircble, Deviations of street sesign from the right- 
۳۰.۰ ہ٦‎ case can be accounted for by a multi 


Ec 3ssunpulon thao the unit is noi restricted to s 


۰۰۰۰۰۰٠۰٠٠٠۰۰ اه نات‎ short timo intervals of travel after time Es 
Certainly, the assumption that the density function of the unit location 


are 


is uniform is suspect, even for the small time intervals considered. 


The model is useful, hovever, foz establishing maximum search areas in 


D 
۲0 
(D 
ご 
(D 
5 
ct 
= 


Patrol unit t is in vrouble, *iih no radio contact. 


Difusion Process Model 


Once assin, it is assimed that the patrol unii can occupy an; 


* rm 


上 6 ht its sector. The position of the unit can be viewed 


M sion process by taking the continuous limit of a simple 


59 
moon ralk, 


Consider small steps in one-dimensional space of magni tute Y, 


Occurring at small tine intervals of length 6. Let the patrol univ 
EDU ac the origin, Kos and move a step 9 to the rlgnt or left av 


t. 


۳ 6۶ہ‎ interval O. Then: 


PS =+8)=p, AS=-3)=q=1-p, 


where each step S is independent of all other steps. ‘The morent generat- 


22 
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E ER Â 

, (e) A 

Hence: 8(X(t)) = (も 6)(2p - 1) ぎ , Y(x( も )) = 648) - ركم‎ 
2 


Requiring the limiting process to haye mean and variance O^ in unit 


پر گلا ۔ يدو , ( تام ني م ركاه دن 


-9X( も 8 y ga ۱8 هه‎ ۵ 
(SH) a PO a NP, 


uxpanding in powers of 0, taking logarithms, anå letting ° approach zero, 


the cumulant gonerating function of X(t) is found to be: 


2 


و 
^ 
` 


a" 


EE) (- 0 011 


v t o 


unich is the generating function of e Gaussian distribution with parame- 


A 


E band Ot, Expanding to the two-dimensional case, the fact that 
displacenent Ge) is independent fron displacement Y(t) is used to obtain 


pint probability density function: 


2 را‎ I 
egy) = ہت‎ S, De ہلت رت © ك2 22خ لہ‎ xe - رم‎ 9 
2 a 2, 
Cine 20 ye — op co) 


Te radial distance, R(t) has the 


ao Vu f 29^ 27 
ue = ہیں‎ 
0 otherwise 


where R2(+) = K2(+) + (4) , x(0) = Y(0) = O, and o, = O, = 0. 
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Gt گ‎ . i ES F 2 . る - . . 
Since IT can be assumed that unit i remains in its sector unless 
۰ ہے‎ A TET の } 『 3 
Oispautched elseushero, the sector boundary can be treated as a cetlecting 
barrier. A concise treatment of barriers for the Univariate case can 


be found in Cox and Miller.69 Equations for the bivariate cases are 


ES 
با‎ 


exvtronely tedious to derive, and are not crucial to this example. 
Peele in practice the quantity : ld be der mici j 
Wie 1n pracvice tne quantity O could be derived Fron microscopic 


each 


の 
E 


conslceratlons such às sureot density, turning probabilities 


a reasonable upper bound on 


O can be established by ensuring that 2 ) RS ۳ - 2027 
4 
-9 e - LJ . 
ih Efe". This condition is cae 
29 پ۰‎ ۵ ; Oo, equivalently 
max 


y ed 
max mM 


E 


Figure 22 Gepicis 2 comparison of the diffusion process model with the 


time-cauidistant model, In Figure 2%, the total probability over 


اه 


coordinates (x,y) in the shaded region is .00923 for the 


3 ٦ 


process model, Similarly, the propability over the shaded area in 


Preure 238 is .98168. Using the diffusion process model, the probability 


3 ۳ unit location being in ihe "corners" of the time-equidistant model 


Us therefore .0090%, It can be easily shown that the probability over 


these same four areas is . 21/50 for the uniform distribution. 


سا )1 


۲۰۰٠۰.٠٦ -ضف‎ Tandon Salk Models 


while the diffusion process model represents 2 continuous tine, 


٣۰۰٠٠۰٠۰. .ع6 دنہ۰‎ Markov process, the location of unit i can also pe 


12 





approximated by a discrete state, discrete tine Harkov process, anonc 
others. Since these models can becone quite complicated, a sinple 
Ecos chosen for illustrative purposes. 


A. ar M IR 5 E EE SW | °‏ 3 10 9ء 
EB une that the sector assisned as the patrol area for umit i‏ 


£5 Compose’. of a regular lattice formed by square blocks. Assume algo 
tat the unit*s position at time t_ is central to its sector, so that 


boundary constraints can be ignored, Finally, let the unit's velocity 


Meme@ererministic such that: 


e 
H 


meere: v= velocity of unit i 


n 
ll 


‚enzin of one block 


one time interval 


he probability of a step at an integer multiple of the interval 


eV Ihe states of the systen correspond to the intersections 


ET patrol Gobi a 26. Coualis ICU GO TOVE DOCU, SOUL, cast, or 
west at tine pou OL, and thereafter may turn left, right, or continue 
EX ub Oth equal probability, but may not make a U-turn, then ine 


Eun» stste occupoaney probabilities are as shown in Figure 24, 


Migure 25 zives similar results in a case where sector boundary condi- 


Busen states at regular intervals such that every intersection could 

be reached from 6 DM uL CEDE PICEO the state interval, 
O 

BER che number of states can become quite large, it is still only 
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PIGURE 24: RANDOM WALK MODEL 





ML Ge sy) (1,1/44(2 41/1243 ,1,/2) 


[2,2/12% 3,3/3%% 





>٦ * e s . Er mp. AA + SR A 3m dh N ۰ 
Inf: ei 2 indicates tine interval (step) Ly 


and probability p of being at that location. 
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necessary to append turn probabilities at each intersection to the 


Berapnic base file in order to have all the data needed for using 
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